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ABDzTIACT: TccluIxt es are reacriberi mhxby a a-
wave,. bridge-type magnetic adpli .iei with integral
£ee'-cic forni a esatile servo ui.llng block.,
Proper adjterant of the polarity anxd amplitude of
the .,,-a feedbacik wakes thQi cixrcu.it a lead net-
worl, ; lag i' twopIk, or' an integrator,. In addition'
to thava c;aratercZ..to the oirosuit can be used to
modulate, deou.n.ts, or ampl I.y a-c. or d-c rerelv
by e]oWsrng the pioper output oomponent. This
alr-vit iW usei7 . ,ith vacuum tbibe nipiieo servo
co~pt.- ..s , -;- as with magnetlc amplifier
6e~rvo cntroex'
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XMA~dkOTIC AMPL~fIYR SERVO C OMPENSATION

MNRODUCT ION

1, Tiz: half -wave, bridge-type magnetic amplifier 1 reap,;coe
eryullv well to a-c (modulated carri~er) or d-e (modulation-
frcequency) signala and the output is phaze -revere ibe,
pulsating d-c. Both the d-c and a,-e components of the output
are linearlty related to control. voltage, The gain of interest
in the followin;_ derivations is the d-c gain (d.-c voltz out
divided by d--c '-alts in), This steady state d-c gain will be
designated KD-

2. This half-wave amplifier has a time delay dependent only
on the number of stagesl; therefore,, the amplifier transfer
fLunction~ for voltages of modulation frequency, W,' is:

KA =KDeTA~ (i

where 111 is the time constant de-termined by the number of
stages Tn the amnplifier. This time constant is one cycle of
the supply frequency, for the first stage and one-half cycle
for eaoh additional stage. For a two-stage,, 4Q-cycle ampli-
f ier the time constant is:

T,=3.75 millieecond Eg . (d)

3. In the region of frequencies in which the plhase a4Tle.
TAw9 Is evall the assuLmption can be made that

KA F - Eq (3)

In a two-stae, 40OO-cycle arnplifier, the phase shift at a
signa I f-equency of. 100 radians per second is approximately
20 det ees, For frequencies below 100 radians per secoin.d,
the phase shift is assumed to be ero, remember ivr that some
small error will. be introduced by this assumption.

4, The Z~ii of a. half-wave, bridge type ampiier Is greatest
* when the control sjouyrce iuipedartze is the smallest poss ible.,

For inany servo applicati~ons, the amplifier muot be operated
from a control transfoxnaer, The load impedance on the output
of the control transformer is frequently required to be at
least 10,;000 ohms.~ Amplifiers of the above type are asually
dezigned, therefore, with a, 109000 ohm resistov in aeries
1wIth the input winding* In which case the d.-o input resistance
la very nearly 10,000 ohmo ainoe the d--c reail'.tance of the
'control wian3 ings Ix s~i iWic ,-:tmller than this va~lue,
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5 hen 'the output of the amp li~iee toi fed 1. ao1,. tb cuoi a
res tanae eapac itance networas 5J, hown in figure 1, only the
C-c component of the amplifir output will appear across he
caeetor if the RC tMe constant to lon compaved to the
p .. cd of the sapply voltage and the anipJJfter Input Pe'ltana'
doea not load the RO neptwork too severe ly. When ther n 'zome

Sof the network by the ampi~fier input rezistai7jv.-; the
fce.ieitaclc function will. be changed fromi that of a inXi-l
netrw4 Wether or riot ther.e to loading of thc! l25twor,,/ thc,.
capacltor voltage Is the input voltage to the armplific.'! 'om
the feedback~ networ~k; theretore, from flgre 2 AI is zwen that
the feedbaok function of figure 1 is:

where I, -c(+c R~T C and RO is the amplifier i Ppi0;
resietance. Using the above value off feedback functiort., Mhe
closed loop transfer functilon of figure 1 izs:

Ej o I ( Tji-l 1dKr

Lead Nyetwork

6 I When the'feedback of ftgure I is negative, equation()
reduces to:

This in a lead circult 2 with lower break frequency 1/op, Tx
break-frequency spread (i~~~,and zero frequency lain
Kr)/(l+,-,K) This va.Lu~e of 2ero-trequency gain is based on
the assumption that the only unable portion of the output Ws
the d-c component. The output of this network is actunAly
pulsating d-c;, consequently, when the output of this network
Is fed directly into the Input of a half-wave amplifier,
which responds to both d-e and Zundamental a--c components,
the zero frequeney gain will be somewhat greater than that
indicated by equation (6)~.

7t Since this netwovk will rson equally w-elX to a--c oi
d-a inputs, and since the output contains both gt-o and No-
components, it is a uaeful and ver'satile oservo building bloeK
By using the appropriate component of the output for a given
input, a--c or d--c It Is oeen that this network can be used
as a modulator, demodvlatov, a-c ampl ifier, or cl-e amplifier
each with the same lcia6 chraterAKYi given by the frequency-
variant portion off equat~ion ()



"'Luo %. igure 3 ar CSICU:1at,.d and Aieaaredi of
the~ t;aqatnay variant portion of~ equation (6), The are rBM1'c
lo cz ex:~r~ 7cept ~at high rrequenote:C Were~ the phas s'hipt
Dii tIbe ari ,IiJ.eo eS ted in the aaalyf;0.8 Int. c e V,
c'roniuab:le err~or, Fr~ont the resul.ts of7 fig11, _-s It. -T e

~j'~ eh ctei~~ie~of' each a net-vor~q can be pe.&d
is simnple servo' theory with sufXiciant aci~raey fco'.r:

mt e-0 (I) orflpi nsaie a practie al servo kstenI134

9.-i ci. ;,*Ltion muot be obsev~ved wihen asing thia lead~ zk t'ork,
When th~e x'hate tahiit around the loop to 180 degrees,~ the loop

i '.a tixs c be les than. one to Insmyre stabillity'L The Gborqplaj:
l.oop~ gin is-.

--TA

For o&iccuit, 18T0 degrea p~hase sihift will 000aX

in whieh eage the phase ,ghif~t of the devominator of equa.tior.
(i) kiear.lyy 7r,/20W radians, la view ofI thisk the qhas e

shift of 180O degrees KJ11J ocatur when.

A2

At he frequeney4 dete rm~ied by eqmmton ()the magrtue Q~
Bff/;, ru;t be leas than one., hence:

LT10. When the feedback in figure 2 is wade positive and W~e
zerox-freque~ncy 1ooP NaInM KVj I i ess than Ones ecquat iOn(5
beomres;

Thia; io seen to be a~ lag net o: wit~h apec break~ freuency

ga in KD/(l P,")r cequno ,



4., -,XhAI 1,ag netwol*k., like the levtI netwo)rk. .cee
v iously.. 18 a vereatile vevo building block. For the rtainu-
.ivein Pre 1.u'sly. this 1aS network can be ased fo~r wodtsla.:to n

demodlibotio,ig a-rc amplif icat Ion,, or d-.c amplif ication.

. is bef'ore~ the zero-frequenoy gain gtven by equ~t:;.?-, (13,
itbe basis of' the d-c component of the output,, D'0t

ci o t nd a -c components of the output are used,, as In 61& Jg
aro~cma rnuntic ampliffier, the zero-frequency gain wl. o

sove-iihal .ie than that indicated by equation (11).

I If' a -Lven- amplifiter has isufficient gain that 0SK a
greater thau one,~, the circuit conf iguration of f iguwe cn
be used to obtain the proper lag charateristic while ke~eping
the maximum possible zero-frequeney gain. In this caso,
ref'erring to figure 4., the feedback function is now:

*where a R2 /(R3,+R-)Y. Of course, the total. resistance (RI+R2)
must be much less than R for the above expresoion to hold.
The output impedance of the magnetie amplifier ls su~ffficlentlir
low that this condition is easily met in any practical case.
Using the circuit of figure 4, we see that the transfer function
Is now:

Eo L~~~~3
Ei j

The detatllo of this lag funetion are very similar to thoae
of' equation (ll).

14. Shown In f igure 5 are measured and calculated ouv S of
*a typical lag function as given by equation (111 or (13),,
Once again the agreement between curvez io good except that

*f or higher frequencies the error between calculated and
* measured phase angles becomes appreciable Que to the assumption

of negligible amplifier phase shift in the calculations. Thigs
circuit has been used succebsfully to raiLse the velocity

p'. constant of a servo without appreciably affecting the servo
bandwidth.

V: Integrator

15. When the feedback of figure 4 is positive and the factor
"KD is equal to one,, the over-all traaafer function from

equation (5) 'is:

E 0 KD' Tjw)1

Ta *
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. .~o t: £ t, e q o c , c- je s , CA.3 h t b.O l I,,. ;:

', :-e 2>, < K U: E:q t (1 )

the wirouit described by aqcvtion to a4 L n integrator with
th,. a:sfc funcJtion"

to K. D E t G \

When gs ,.teady signtal tom put Into this circuti-, the otxthu:..

beinS proportlonal to the inteSral of the input signal,, Iill

buIld up until the amplifler saturateo iences, a constant
i outpat voltage is obtained from this circuit only when the

1input voltaZe is zero, This type o.C transfer fLunotion when
placed in a servo loop with the proper tvpes of stabil;ation
wil.l yield a zero-velocity-error system. Suc.,h a systevi.
bvxing the block diagram rhcwr in figure 6, hae been e;coeusfull,
synthesize4d

V Ono.~E !1 .ion,

1.6, The techniques described above are ueful In vacuum tabe
servo ytems az well as in ivanetie, rpiifer servo sys~temls,
The usefulness is enhanced by the ease with whioh circuit
characteristics can be computed wth suffliet aao teay for
descn purposes,e

7 hen these desiga methods are used with half-wave bridge-
type magnetic amplif iers the resulting coiiipensat ion netiwyorks
can be used with any combination of a-c and/or d-c input,and a-c and/or d-c output. The,

to line Thse netw;ox is are only as sews it:'.ve
to line voltaege and frequency varlations as the amplifier uset
in the network. ien the amplifier components are properly
matched, the amplifier is extremely insenafltive to these

variations,.

1 ,

IZI

I jl"t
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